Objective To investigate antibiotic prescribing patterns by general dental practitioners (GDPs) in the Greater Glasgow Health Board Area, Scotland. Study design A 10% sample of prescriptions were selected at random from 35, 545 prescriptions written by GDPs over a 6-month period. Main outcome measures Absolute and relative frequencies were used to describe the different classes of antibiotics used and the variations in prescribing practice. Results GDPs prescribed a wide range of antibiotics. Seventeen different antibiotics were prescribed with amoxycillin, metronidazole and penicillin V accounting for almost 90% of the prescriptions. In general the antibiotics were prescribed at the British National Formulary (BNF) recommended doses. There were, however, wide variations in the frequencies and durations of the prescriptions for all antibiotics. Conclusions The present study provides evidence of sub-optimal prescribing of antibiotics by dentists in Scotland, with considerable variation from the recommended frequencies and doses.
M icrobial resistance to antibiotics is an increasingly important public health issue, prompting recent reports from high profile bodies in the UK. 1,2 Inappropriate prescribing of antibiotics within the primary care setting is a major cause of drug resistance. Such misuse includes incorrect dose and duration of antibiotic therapy, inappropriate choice of antibiotic and the use of an antibiotic in unwarranted clinical situations. Recent evidence has shown that much prescribing by healthcare workers is suboptimal and it has been suggested that 75% of antibiotic use is of questionable therapeutic value. 3 Although attention has been focused on medical practitioners, dentists are also prescribers, though accounting for only a small fraction of total antibiotic usage. Nonetheless, dental practice is significant for certain antimicrobials which dentists prescribe frequently. For example, dental prescribing of metronidazole accounted for 45% of all metronidazole prescriptions in the community services of the NHS in 1996. 2 Prescriptions of antibiotics by the dental profession in the UK cost the General Dental Services at least £4.5 million per year. 4 On top of such visible sums are the potential hidden expenses caused by inappropriate blind treatment of antibiotic resistant infections. There are no data on the effect of antimicrobial resistance and treatment outcome in acute dental infections.
General dental practitioners (GDPs) prescribe antibiotics regularly for the management of oral and dental infections. The drugs they prescribe under the NHS are restricted by the Secretary of State and listed in the Dental Practitioners' Formulary 5 but definitive prescribing guidelines are not provided at present. Consequently, treatment is often empirical, guided by personal experience and knowledge. 6 There has been a worrying increase in the levels of antibiotic resistance among organisms in the oral cavity across a wide genera of species. 7, 8 A recent study has noted the presence of beta-lactamase production in 31% of Prevotella species. 9 Similarly, 54% of strains of Strep. mitis isolated from dentoalveolar aspirates in Glasgow (1993-1998) were shown to be penicillin resistant. 10 There is also some evidence to suggest that penicillin resistance in Strep. pneumoniae may have been derived from viridans streptococci such as Strep. oralis 11 or Strep. mitis. 12 More than ten years ago, a study of antibiotic prescribing by dentists at Manchester Dental Hospital concluded that there were too many prescriptions and too few alternative surgical procedures employed. 13 A similar study from Cardiff Dental School suggested that the situation had remained the same in the mid-90s, although the antibiotics of choice had changed, with metronidazole being the most common drug prescribed in the latter study. 14 In general practice, the situation appears to be similar. One study, examining the management of acute dentoalveolar infections, concluded that awareness about the use of antibiotics by GDPs needs to be increased. 15 More recently, a survey in Merseyside, England examined dental prescriptions issued over a 1-month period and confirmed that dentists prescribed antibiotics for inappropriately long periods, with inconsistent frequency and duration. 16 In order to determine whether the prescribing habits of a cohort of Scottish dentists could be considered inappropriate or not, this study examined a sample of all antibiotic prescriptions written by GDPs in the Greater Glasgow Health Board, Scotland over a period of 6 months in 1998.
Antibiotic prescribing by general dental practitioners in the Greater Glasgow Health Board, Scotland 
Methods
Within Scotland, prescriptions written by general practitioners (both medical and dental) are collated by the Information and Statistics Division (ISD Scotland), Primary Care Information Unit, Edinburgh, providing availability of a range of data for the analysis of trends in general practice prescribing. Data about prescribing by general dental practitioners (GDPs) in the Greater Glasgow Health Board (GGHB) over a 6-month period (May 1998-Oct. 1998) were obtained from ISD. Within Scotland, the GGHB has the largest single proportion of dentists practising within its boundaries, accounting for a quarter of all Scottish dentists.
The name of the antibiotic (generic or proprietary), the formulation, the strength (dose) and the quantity of antibiotic dispensed were supplied. The information was provided in an anonymous format. From a total of 35,545 prescriptions, a 10% sample was selected at random by computer (Minitab 10.5). The duration and frequency of a course of antibiotics was calculated from the strength of antibiotic prescribed and the quantity dispensed using the standard provided by the British National Formulary (BNF). 5 For example, the recommended frequency for amoxycillin is 250 mg three times daily, therefore, if 15x250 mg tablets were prescribed this would equate to a 5-day course. Data analysis was carried out using Minitab 10.5. Absolute and relative frequencies were measured to describe the different classes of antibiotics used and to examine the variations in prescribing practice.
Results
A total of 17 different antibiotics were prescribed. This included generic (12) and proprietary (5) named drugs. The antibiotics prescribed were grouped by antibiotic type with the exception of the penicillins and the macrolides. Table 1 shows the antibiotics prescribed in the sample. Amoxycillin, metronidazole and penicillin V accounted for almost 90% of the antibiotics prescribed.
With the exception of the tetracyclines, the antibiotics were prescribed at the Dental Practitioners' Formulary (DPF) recommended dose(s) ( Table 2 ). There were, however, wide variations in the frequency and duration of the prescriptions for all the antibiotics.
Amoxycillin was prescribed in three formulations: capsule (78%), oral solution (12%) and oral powder (10%). In capsule and solution formulas, amoxycillin was prescribed on average for 5 days (min 2 days; max 20 days). Although the majority (73%) prescribed amoxycillin in the capsule formulation at the correct dose, only 42% used the correct frequency and duration (Table 3) . Only one of 213 prescriptions of amoxycillin oral solution was given at the correct frequency and duration (three times daily for 5 days), the majority of prescriptions being a 5-day course, four times daily. In contrast, amoxycillin oral powder was prescribed correctly in 90% of cases.
Metronidazole was the second most frequent antibiotic prescribed. Although the majority of practitioners prescribed the correct dose, there was some anomalous prescribing encountered with regard to frequency and duration (Table 4) .
Penicillin V, the third most popular antibiotic, accounted for a fifth of all prescriptions written during the period studied. Although a range of doses are acceptable depending on age of the patient and severity of infection, a frequency of four times daily is recommended by the BNF. This advice was followed in more than 90% of prescriptions. The majority provided a 5-day course (min 2 days, max 20 days), though a large number (34%) prescribed a course for 7 days or longer (Table 5) .
Erythromycin, the cephalosporins, ampicillin, tetracyclines and clindamycin accounted for the remaining 10% of prescriptions written over the 6-month period. Wide variations in doses, frequency and duration were also observed in this group with a number of anomalous prescriptions being noted. For example, one prescription provided a course of tetracycline (four times daily, 250 mg) for 90 days. The dental profession should be aware that antibiotic resistance is an emerging problem created largely by overuse and inappropriate use of antibiotics. The present study shows evidence of poor prescribing of antibiotics by dentists in Scotland. The data reveal dentists prescribing a wide spectrum of antibiotics and, in agreement with previous studies, [13] [14] [15] [16] there was considerable variation from the recommended frequencies and doses. In our investigation, more than half of all the prescriptions written were for a course of antibiotics of 5 days or more, contrary to current views on the merits of shorter courses. [17] [18] [19] The dose and the duration of therapy are key factors in modulating the selection pressure for antibiotic resistance. It is essential that antibiotics be prescribed at the correct frequency so that the minimum inhibitory concentration is exceeded and the infecting bacteria are killed rather than merely inhibited. Use of doses that are too small or treatments that are too long have recently been shown to increase the risk of selecting resistant strains. 20 Unfortunately, the optimal duration of antibiotic therapy for many dental infections has never been defined by randomised controlled trials. Currently, guidelines are based on expert opinion which is considered to be the lowest level of evidence. There is an urgent need for randomised controlled trials with objective outcome measures to provide a scientific basis for recommendations on best practice. Until such data exist, the antimicrobial pharmacokinetics of vigorous dosage and short duration should be applied.
Lack of guidelines may impede the selection of the most effective antimicrobial therapy, though the variability of antibiotic prescribing by dentists cannot be attributed solely to this deficiency. In addition, factors such as education, experience, patient expectation and economics are important. As a result, a co-ordinated effort between dentists, dental educators, patients and regulators is required to improve the use of antibiotics in practice. 21 There is no doubt that antibiotic use must be rational and moderate to reduce the development of cross-resistance and needless patient exposure. Such prescribing is an important objective on both clinical and financial grounds. However, this presupposes knowledge of the infecting pathogenic microorganism. The mouth is the habitat for hundreds of microbial species, many of which are implicated in dental infections, often in combination. 22 Thus it is advisable that microbiological sampling should be carried out, particularly in severe infections. 5 In general practice, however, therapy is usually initiated on an empirical basis and little use is made of diagnostic microbiology services. 23 Improving the availability of such services and provision of training in their use, should be an integral part of our response to poor antibiotic prescribing. In addition, the taught principles for treating dental and oral infections suggest that an antibiotic should only be used to support, and not to replace, conventional surgical methods. Many infections can be treated effectively by surgical means alone, with no recourse to antimicrobial drugs whatsoever, a fact which should be reinforced to dental surgeons as part of the overall strategy to reduce antimicrobial prescribing in dentistry. 
